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(57) Abstract: 

PROBLEM TO BE SOLVED: To enable a high variation 
rate of magnetic resistance by arranging a nonmagnetic 
material layer between a free magnetic layer and a fixed 
magnetic layer, arranging a fixed magnetic layer between 
a magnetic layer and a layer to be fixed, making the 
nonmagnetic layer into non-conductive, and making the 
layer to be fixed into an alloy consisting of PtMn alloy 
as base material. 

SOLUTION: For a layer 4 to be fixed, above all an alloy 
consisting of PtMn alloy as base material is selectively 
adopted among many materials. A non- magnetic layer 2 
is arranged between a free magnetic layer 1 and a fixed 
magnetic layer 3, and the fixed magnetic layer 3 is 
arranged between the non- magnetic layer 2 and the 
PtMn layer 4 to be fixed. In order to obtain a tunnel 
coupling, the non-magnetic layer 2 is a non conductive 
layer. By using an alloy consisting of PtMn alloy as 
base material for the layer to be fixed, PtMn is able to 
apply a sufficiently enough big switched connection 
magnetic field to the fixed magnetic layer even without 
using a substrate layer such as NiFe, two layered film 



of NiFe/CoFe, or two layered film of NiFe/Co having 
always an excellent orientation property (111). 
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e>*y, 

mE&msm i*imm'&v$> y . 

[If #3(2] lt^HCf23eUfc^®ESN>^;i^^ 

e>&y, 
mz. 

^&fflv%fca»W2>-9-T*>y. Mic 

frriH^^l h y*)\J&&m*ictt LTjwww^snr 

[WW 6] &$£2. 3. 4Xtt53^&WSn«l 
J(C-fe>1fT&y, JEIC, 
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y, 

io ttis&^ia^^^ 

[000 1] 

i&mm, Hss«»fc<04/w^e)*y-e<z«sc 

20 ftS/XT-AICR?*. 
[0002] 

K&fcO&ffi] tfefclfcffili, &J^g£i (MR) -teV-frX 

[0 0 0 3] ziO<fce>^^C^tir>-9-ti. -ecDiB^m 

iz>-ttti, ^^^t^<^i©i^*«ffc^rpifc^ 
j*wuT»b"r*»&4fi»»fitft (amr) awtcgts 

[0 0 0 4] -£G>AMR3MMi, D. A. hAV> (T 
hompson) ^CO^^C" Memory, Storage, and Rela 
ted Applications" IEEE Trans, on Mag. MAG-11, p.l 
039(1975) 7?»U< 5*^ &tlTV^. AMR$5&J££fOT 

mz, mu y * ^rarts ^ £ \. zowut 

XWmmt^X, FeMn, NiMn, —v>rMtot 

[ooos] se>K«ittT?i4, wmMteyvoymm 
i^msifflii^®^ (^?) 

t>y 4#§g^8 - 723 5^ct^^nr^^ 0 :« 
50 ^nS&^l^ rg^^^^j , rxtr>-yx;b^ 



3 

S3ft*J:y*K &g#3c#3n* ffiSSEffctf^vv. 

[0 0 0 63 1 9 8 8^6Ji«CflBfctt£»S*lTV*S4# 
PS^2 - 6 1 5 7 2^tCti, SaSSP^^ffc^W^ 

[0 0 0 7] 1 990^1 2M1 1 BlCffi$fcfi£®£*l 
r^*4W s P4-3 5 8 3 1 0#lCkk #e&f££M#<D 

[0 0 0 8] 1 9 90#8^2 2HtcmKS*l"CV^4# 

- 1 o 3 o i h>*;b*g£fSS^F- 

iRMBMSii:OTFeMn«rfflV\fcW, H^TOS^C 
^^^S^ 1 99 6^ 1 3 54^-^C|B^$ 

[0 0 0 9] ^CD^^^^l^^^7>^^J 

0-91921 -^#8® , s&tttsjf * mmm. m& 

tlTV**. FeMnli, TflSlfcbT^ft (111) 
UfnJ&fcf^oNiFe, N i Fe/CoFe 22IE =b 
UOiNi Fe/Co2JBEfc£ (EOs FeMnT'f^ 

[0 0 10] ZKD^fcN i Fei*Wj: (1 1 1) 



3) ^12000- 7 6 623 
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«Jii:l/rNiFe«:B^Sfc, &8H4h>*;i^£ 

«HfcJIimcJ:y. ^^ftc^^^m^^T^i: 
bTIBR34l*©"e. Ta, Zr, Cu&££W3&& 

[oon] wfettzm/w&mm/mffim 

S*KlJ:ySj£a«Ji©3IK:TW«CTa, Zr, Cu 
fc£fcvv3fc£J»WMi:N i F eJS&MlKSW UfcW 

#y. Bg&g&Lifc <»»> <BteTfcJB<a»i:fcoT 

20 [0012] ammm/i¥&m/W8mm/mfet< 
e>n&. FeMni:-ea>T««t®4W£K:BB'rsftija 

SEffi^D^gpjIl 0-9192 l-^-TM^^nrvN 
[00 13] 

* 4 M^^«^^t^5^cfc y hjv h y * ;i/ 
*»©T*®tm<3!)»fW J: y i A<fe!mf£ h y*)\& 

i^-^\z-m\^m.by%)\^m^. zti^m^r^ 

[0 0 14] 



(4) 

5 

&JlteP tMn^£^-X£l-5^Ti&£3*vr^ 

So 

[0015] ~<D^*%&m&/mmB/m7&m 

£-£&£J§^5wi:K:<fc*J, PtMnti, ^fl=tM 

(1 1 1) IE6Jf£«*3Ni Fe, Ni Fe/CoF 
e2ffi& fcl^ttNi Fe/Co2JfBIO£e>&Ti££ 

[0 0 16] fcifPtMn®#FeMnMlCifc'<TS8& 
SlC^V^Kft^Sr^fc^^^ fiP^. PtMn 
it. F e M n J»bTT*W&»*t'«*h^*C*& 

[0017] -©^tc imwDim&m*iti,xi& 

[ooi8] z.<D^\z^mmmtm^mm:h 

S/-;i/KJi*:, g&®rt^cD— MWic^^ti^iiv'- 
^Fji^asiiini*^ *<J!>iii£3i«»i. 

[00 19] T^-^FJI. ffl»tth>*/l> 

^ h >^;i^i^Wt:^t6|g£;^ 7^ 40 

[0 0 2 0] Z.(D&>) fcS6z£0HKSil-fe Vitti, 
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[0 0 2 13 miRxjR&izTimmfezitzm/N t 

Fe® (1 OnmJ&tTFWNiFel (1 Onm) 

&JSV\fc©^lC P t M nl^ & N i F e S^fft&ni* ft* 
£8S^^He xC&te&^L-O**. NiFefilb 
TttNi82Fel8 ttftjfctt* -4f<y hCO^a t % 

Mn54 (25nm) MFe50Mn50 (lOn 
m) *J§V*fc. ffr&tCttDCV^* h uy^J^v #3£g$: 
B^fc. 1 A, fi^^2To r r 

T*&5. PtMnSrM^fe^ttV^tl^^^-H^^ 

[0 0 2 2] 

[3a] T#»/@£3-&*Ji/N iFef(lOnm) 

t^m&\z&v&$m^miH e x (oe)(i^ 

i±£jf#PtMn, F eMnT-&£#^CQifcfL A^: 
1*31*^ (nm) ) 
T^&MW^- PtMn : FeMn ; 
Ta(3)/Ni82Fel8(3) : 2 0 0 : 1 0 0 ; 
Zr(3)/ Ni82Fel8 (3) : 1 9 0 : 1 9 0 ; 
W(3)/ Ni82Fel8 (3) : 1 8 0 : 9 0 ; 
Ta(3)/ Ni82Fel8 (3)/Co90FelO(2) : 1 8 0 : 8 5 ; 
Ta(3)/ Ni82Fel8 (3)/Co(2) 1 7 0:80; 
Ni82Fel8(3) : 1 6 0 : 1 0 ; 
Ta(3) : 1 8 0 : 0 ; 
Zr(3) : 1 7 0 : 0 ; 
W(3) : 1 6 0 : 0 ; 
A1203(3) : 1 6 0 : 0 ; 
Si02(3) : 1 6 0 : 0 ; 
A1203(3)/ Ni82Fel8 (3) : 1 8 0 : 5 ; 
Si02(3)/ Ni82Fel8 (3) : 1 7 0 : 5 ; 
: 1 50 : 0 ; 
[0023] 

[3*2] Tifi»/N i Fejf (10nm)/@£i*-£S/f 

&PtMn£FeMn<Dm£<D&ML 0 WtWZ (n 
m) ) 

T^^^: PtMn : FeMn ; 
Ta(3) : 1 9 0 : 0 ; 
Zr(3) : 1 8 0 : 0 ; 
W(3) : 1 6 0 : 0 ; 
A1203(3) : 1 7 0 : 0 ; 
Si02(3) 1 6 0:0; 
T$mis : 1 6 0 : 0 ; 
[0 0 24] 
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Jf3i;, @£88t£®3<a-Ml!C^3;ft£S£3l*£ 

[oo2 5] M(DvmzjR&^^%.& m&&M2&& 
3S&, #»Bji2tifta-&sji4i:a>iatcBassti 

[0 0 2 6] H2& ^<DJ:e>^4S«t®ffii^^ 
[0027] Oti, PRZCffiCfcy 

r^i 1 1 1*. 04 tc^sns <fc e> tc *<D-m& 
mmhy^jv^m-io^zmu x\t, -eo-s&tf 30 

[0 0 2 8] H2<D#^^©TS/-;i/KM6fcOTJ4, 
NiFe, CoZr, CoFeB, CoZrMo, Co 
ZrNb, CoZr, CoZrTa, CoHf, CoT 
a, CoTaHf, CoNbHf, CoZrNb, Co 
HfPd, CoTaZrNb, CoZrMoNi^, 
FeAISi, m*W*ffW&BV^3fc#T?g. IS 
»* 0 . 3-10/t m<3[X8HT?3W5rfiBT?a&*. T@fi 
7feJ:tf±«ffi9ilLTJi. Zr, Ta, Mo^^S 40 

1*0. 01—0. 1 0 timT-$>&Z.£iW&& 
[0029] m/WTAMl 1£1<T\Z, CoCrP 
t, CoCr, CoPt, CoCrTa, FeMn, N 
iMn, IrMn, PtPdMn, ReMn, PtM 
n, CrMn, NiBfWfc ®m\3& NiftftftfcC 

omvfov>m£&& n i mmt f e mttyvym£$& 

N i MVfo/C o mm 2 jfR Ni»bft/FelWfc 
[0030] ±*/-fl/FMBKl-t. NiFe, CoZ 50 
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r, 3t«U CoFeB, CoZrMo, CoZrNb, 
CoZr, CoZrTa, CoHf, CoTa, CoT 
aHf, CoNbHf, CoZrNb, CoHfPd, 
CoTaZrNb, CoZrMoNi^, FeAlS 

[0 0 3 1] 051*, #^C<fc£&^h>*;i/iS££ 
fft^l Ofc^Lfc^izV-^a-^^y 

tixv^. »i 2**, msmm&i svm^t^m 

<*ftTV^. &W$4mfe5' tCti. MnZn, 7x5 
>f K MnZn7x7>fK MgZn7i7>fh^> 

e>*ie>5. ^&$&s§fti 3tci£, r;i/^-*\ Sio 

[0 0 3 2] 3CD±®lC, T^ffi^l 

4 3WgfifcS*lTV*S. T^S®14CD±MtC, t@s 

si e <D±mm\cm^smwmj- 1 ojw#ateftTv* 

tv*s. Jt^^i 7^tm^h>^;L^^^-i 

[0033] rm&i 5, ±m^2 ncii, au»^ 

£ftT^£. Tffil6, _h^|19tCti, NiFe, 
CoZr, CoFeB, CoZrMo, CoZrNb, 
CoZr, CoZrTa, CoHf, CoTa, CoT 
aHf, CoNbHf, CoZrNb, CoHf Pd, 
CoTaZrNb, CoZrMoNi^, FeAlS 
i. mi\$£Mm. MnZn7i7-fK NiZn7i 

[0 0 3 4] ^^B^ftJ^-i oooigf&tckt, m& 

mmmmmimmmoywu r*m h 3 , 

T, 7&£$ftT^&„ |ft/V7;*JBl ItCl*, CoCr 
Pt, CoCr, CoPt, CoCrTa, FeMn, 
NiMn, N i^Ht% NiCoifb^ IrMn, P 
tPdMn, ReMnj!>VIV^fte>£. 

[0035] met** #^c<fcs&^b>*;w^ 

#H-?1 0$rjgflibfe^'fe>-y-O77^^^^ K^^\ 

ti, i»5^TV^ S^5C0_h®tC, Ti/-;i/K 
I2 2*M^TV^. T^-;UK@2 2lCti, Ni 
Fe, CoZr, CoFeB, CoZrMo, CoZr 
Nb, CoZr, CoZrTa, CoHf, CoTa, 
CoTaHf, CoNbHf, CoZrNb, CoHf 
Pd, CoTaZrNb, CoZrMoNi^, Fe 
AISi, &mMm. MnZn7x7-fK NiZ 
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[0 0 3 6] T2'-;i'K®2 2<D±rocT®g2 3/T 

V>e>nrv^„ T&f§24tCl4, NiFe, CoZr, 
Xt4* CoFeB, CoZrMo, CoZrNb, Co 
Z, CoZrTa, CoHf, CoTa, CoTaH 
f, CoNbHf, CoZrNb, CoHf Pd, Co 
TaZrNb, CoZrMoNi^, FeAISi, 
§Wvj#f> MnZn7i7>f K NiZn7i7^f 
K MgZn7x7>f h^^^o 
[0 0 3 7] T^2 3/T^i2 4(7)±MtC, 

jna&sy^y-i oA^^^nr^e, rm^2 3/tto§ 

®tC, ±^2 5/±@^2 6j^j£$nTV^o ±& 

[003 8] _t$/-;i/ FJi 2 7 IC14, NiFe, CoZ 
r, CoFeB, CoZrMo, CoZrNb, CoZ 
r, CoZrTa.CoHf, CoTa, CoTaH 
f, CoNbHf, CoZrNb, CoHf Pd, Co 
TaZrNb, CoZrMoNi^, FeAISi, 
m\MMtn. MnZn7x7>f K N i Zn7i7-f 
K MgZ n7i7>f htfJiVMib^&o 

[0 0 3 9] I^MWti?! 0G>ifiJfflHCl4, 
S^&^^K^^^/U TXM H^, 03, 

4T?ra&Lfc<fc^c &f&te hy^j^^m- 1 0 
ltxi48b»($ by*)U&&m* i oc-ews^i/ 

T, JKtftanTV^. WUT^Ml HC14, CoCr 
Pt, CoCr, CoPt, CoCrTa, FeMn, 
NiMn, Ni« NiCo»fc» I rMn, P 
tPdMn, ReMn^^^^. 

[0040] z_<n&*)f£i/-)\s Ffflf^ a-^^m 

JUlz*&mi*&^y\W&Jtttt&z.£K.**) t IB 

So 071*, *©J:3fc«$E£^vF©SE£Sre& 
5, lEHW^y F 1 0 0 14, Zgm^&Z^ 105: 

[004 1] lit' ^^#^IE^M^)f^^ y FOtfS 

vxSiii^-e**. 0tct4, raS8?jWa*S*iT 

[0 0 4 2] Sfe'sy F4 1 14, 3l»±®fflil<Z)T2/-;i/ 
hVT®^4 2, ^^i^^^l 0, ±2/-;UK/ 
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-;b K/T1S4 2 ti±i/-)V F/-t«ffi4 3 fc©ratc 
ffiHSftT^*. 13»'\yF4 414. iSfi4 5(± l >- 

;i/F/±«ffifc»B2*vcv*S). n>r;v4 6, ±^ 

4 7 3>f/1/4 6l4. ®8§4 5 i:±&14 7 

fcflWWciBfiSftTtr**. ±S/-;i/K/±W4 3o± 
»5/-;i/F (TO i:M4 5<0TSWffl^fc«^T?.fc 
v^, zft&i480*K:tttte>ft*rfcjirc**. 

[0 0 4 3] ZKD^fc'Vy F14, f5gimi:tC{I#£ 
10 n^^y F4 1 ©Woa^fciHfifc'Vy F4 4(^^ 

[0 0 4 4] 0814, ^^tCcfce^C^Sfe^^l 

C<, T2/--H/F/T«ffi5 1, ^^xS&^?-l 
0, ±£/-/I/F/Jimffi5 2S:»RU Xtf><fce>fc3ji 
20 «K^&I3fii^5 3±tC(ie^«bUT^$:^o 
[004 5] I£8Kft5 3l4Iiieu ^y F*^*"- 
ttiE$i$&#5 3cZ)_t£0. 2AmJSAT©i«S. Xtt, & 

^^x^^i o^i2^^5 3 tztmznr^mm 

[0 0 4 6] »T©aiB»w*e> 
30 ( i ) mbs-rim/? u 

(2) »#^ifiUl/7U-«MS«/»!lRx>A>^ 

(4) «<^OT/7U-flB^/«lMRx>A>^ 

(5) l^/^OT/ilieS^S/H^aMSJB/IW 

40 i &m/yv-fflm/$mm 

(6) S»^i(W/S^S**JB/H3£fflM/*BlM 

(7) ISflt/^OT/H^S^Jl/HJBB^/*® 

(8) s«^iiui/a&s«Ji/@3©aMM/»M 

[0 0 4 7] ^JBTOOTilLTtt. ZrXttZrKflftTC 
50 "04, Ta, Hf, Zr, W, Cr, Ti, Mo, P 
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t, Ni, Ir, Cu, Ag, Co, Zn, Ru, R 

h, Re, Au. Os, Pd, Nb, V<p3W8^T»fe 

[0 04 8] 7'J- (£*) WBffcLTtt. NiF 

e, CoFe, NiFeCo, FeCo, CoFeB, 
CoZrMo, CoZrNb, CoZr, CoZrT 

a, CoHf, CoTa, CoTaHf, CoNbH 

f, CoZrNb, CoHf Pd. CoTaZrNb, 
CoZ rMoN i^fem;i/77^M^A^ 

[0049] #oHsw«ii:i/o*. &mmt%k m 
mm* ^m/mmzmm. &»/ mmzmmt 

Ti, V, Cr, Co, Cu, Zn, Y, Zr, N 

b. Mo, Tc, Ru, Rh, Pd, Ag, Hf, T 
a, W, Re, Os, I r, Pt, Au, S 

i, Al, Ti, T a(D>f)\/-7frt>&Z>mmi$&Xf 
mm<n^fr*i,<\*i%&fa SfctiU Ta, Hf, Z 
r, W, Cr, Ti, Mo, Pt, Ni, I r, Cu, 
Ag, Co, Zn, Ru, Rh, Re, Au, Os, P 
d, Nb, V, Y<Dy)\s-7aypt£<£ : bl'D<D7xMfr 

b < &±ii»f b&as xmwm>^ 

[0 0 5 0] f 1 fci^2MRx^^Ii: It 

Co, NiFeCo, FeCo^, JfcliCoFe 
B, CoZrMo, CoZrNb, CoZr, CoZr 
Ta, CoHf, CoTa, CoTaHf, CoNbH 
f, CoZrNb, CoHfPd, CoTaZrNb, 
CoZrMoNi fc\$T=£)l7 T xW3$m*% 

ti, M^fc#^tCi^T^fMRit*H£T-r^^ /i^ 

[005 1] ©5£S8f£Jli:l/rt;k Co, Ni, Fe5: 

l^v^r^m^ H3£S-&ft»i:UT^ Pt 
Mnt;L<tiP tMntCTi, V, Cr, Co, Cu, 
Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, P 
d, Ag, Hf, Ta, W, Re, Os, Ir, Pt, 
Au, Si, Al, Ti, Ta^lfe^^^ 

[0052] . emMtLTit, mm. m<t 

m&m 2JBK&Jiv*5£4:#T£<&. Ti, v, c 
r, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, 
Ru, Rh, Pd, Ag, Hf, T a, W, Re, O 
s, Ir, Pt, Au, ££ti. Si, Al, Ti, T 
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Ta, Hf, Zr, W, Cr, T 

i. Mo, Pt, Ni, Ir, Cu, Ag, Co, Z 

n, Ru, Rh, Re, Au, Os, Pd, Nb, V, 
Y<Z)£0l/-:/<Z>4>&< 1 -DCDyiMfr L 

[00 53] fl»4:raUFeMn«:@jeS-& 

7 *®K/Ta (3nm) /Ni82Fel8 (6nm) /Co90FelO (lnm) /A1& 
10 i\M(2w) /Co90FelO (3nni) /Fe50Mn50 (lOnm) /Ta (3nm) T*& 

uyx/*y*mmitm^fc. amsmto. ia, j&k 

^EIi2mmTorrt^. AlitfbftKD?&$& * 
■f 2 nm<0AlR&JBffcU ^&£&tc1l£#2 * 1 0 

[-9] To r r ( □ <Z)t£0)-9tiU 7-ftX9i?: 
JKTWat) ®^^^>/t-^CfeVNT4 * 1 0 

[-4] To r r©^JEEtCW*7>|0 2SiXU 

[0 0 5 4] ®9^-^)^^tS&^^)M-H;1/-^$: 
20 gVT. £$E^*^tC2&tCtifcoTfc£>i*, 

[0055] trnsm] 

#^;*^&/Ta(3nm) /Ni82Fel8(6nm) /Co90FelO (lnm) /Al 
(2nm)/Co90Fel0(3nm)/Pt46Mn54(25nm) /Ta(3nm) £vO$l 

30 >*/ty*S««:J§^fc. j^mssiio. i a, zmx 

*£ti 2 mmT o r r T'&So AlltffeWOJgJfctt, £1* 
2nmG>Alfc«:JgfifcU W&dMfc:fffi#2 * 1 0 [- 
9] To r rCD^^-V>/^-^CfeV>T4 * 1 0 [- 
4] To r r(Z)#;*£tCfc5£T1&0 2£^AUlB£f^ 

tC, 5 0 0Oetf)[iE£&JWtC^T, 2 5 Or, 5B£ 

[0 0 5 6] ©1 Hi, ^(7M^Mn^M(DM-HJl 

40 ^&Hjaa^^^fc3a«^w*w#3nTv^ 

Sit*****. 01 2l£R-H;W:/£^1% 

[0 0 5 7] r^CT^<^iS:^A'C, SkfcCDFeM 
n <fc SPtMn &H£S-frS»CJHr vr . 

Hex&UMRifcfctt&bfc. BBftfS «3) ti, ^ 
XS^/T^/Ni82Fel8(6nm)/Co90Fel0(lnm)/AlSHb 
^(2nm) /Co90Fel0 (3nm) /SS^tM/Ta(3nni) £ V \ e>t&& 
T'Sa^aS&^SrfWb^o £3£i8f$JftCtiFe50Mn50 
(10nin)&OTt46Mn54(25nin) £^7c 0 ^(DffrfctCtiDCT 
50 $r*l*n>*/l?*SSifi€:J§v*fc. f££l@SfttiO. 1 
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A, $8ktf^E.\£ 2 mmT o r rt'^« 
[0 0 5 8] A 1 mt®m&&lt* ^f2nm0)AlI 
fcJB*U WKfi»fc1ffi#2 * 1 0 [-9] To r r 
C0jEfi^-Ar>/^-rt»CfiV^T4* 1 0 [-4] Torr 

tci:»;Ai«:ir«a»fi:S-&fe. PtMnCO^li, j£K 
IfeJCSOOOe^lfiatiW^CfiV^T, 2 5 0*0, 5B£ 

[0 0 5 9] 10 
«3] S^£DT^^^fe^0^^T^^5 

SSH^SISlHe x&tJfMRdgStfil^P tMn 

£F eMn(7)%&<D&ML 0 fttiMJP (nm) ) 

TifilHW: Hex : MRJfc (PtMn) :Hex:M 

rit (FeMn) ; 

Ta(3) :430:23: 10:4; 

Zr(3) :4 20:20: 8:3; 

W(3) : 4 4 0 : 2 1 : 6 : 2 ; 

Hf (3) :410:22:8:2; 

Y(3) :400:21:6:3; 20 
Alttfl*(3) :420:22:0:0. 4; 
SilWfc*(3) : 4 1 0 : 2 1 : 0 : 0. 3; 
AlSffctoG) :420:22:0:0. 4; 
Si»l3ft(3) :410:22:0:0. 4; 
T^fet :4 20: 1 8:0:0. 4; 
[0 0 6 0] frlZ. mmi^^X. M^l^FeM 

-ZnmM&lt. ^f^^S^Ta(3nm)/Fe50Kn50(10nm/ 
Co90FelO(3niD)/AlAl^b^(2nm)/ Co90Fel0(lnm)/ N 
i82Fel8(6nm)/Ta(3nm)T*&-£> 0 ^tCliDC^y*hD 30 

*EEtt 2 mmT o r r T*&5, A 1 Itf * 
f2nmCDAli5:MU m&&m^&&2 * 1 0 
[-9] To r r©J h Ge^>A-WJCfeV^T4 * 10 
[-4] Tor r^EtC«:l>^T'M02$:iAUl 
HOTfi^SifcfcJ:^ AlfcBffimfcS-ftfc. Hi 
3IUl-IW/-^. «*S3BfWttl 2%T*ifcofc. * 
[0 0 6 1] JgtC, ^5^^K/Ta(3nm)/Pt46Mn54(25 
nm)/Co90Fel0(3nm)/A 1 ^fb^(2nm)/Co90Fel0(lmn)/N 
i82Fel8(6nm)/Ta(3nm)^^e>^T*Sa^^^^^ 40 

fc. ^m^liO. lA,^ffli2nmTorr 
A 1 mmcDj^mt. tf2nm«)Ali$:i 
JiJtU B^&^JCltffitf 2 * 1 0 [-9] Tor r®I 
£^>/^-p'gtC£V 1 kT4 *10 [-4] Tor v<Z>i3 

^ffi:*^iTM0 2^AL imm&tz^t\z 

£*J, Al ^e^Pf^Mb^'&feo JfcBI&tC, 500Oe® 

wmm^is^-c. 2 5 or. 5BmT'mm*fei> 

f- a mi 4l«OR-H;u-:/£3Trr o &&&ltmJ:2l 

so 
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[0 0 6 2] #ctc. Tim?>?m$:$£itT. t»Fe 
Mn&tf#&93tC<i:S P t Mn £@5£3it:&JItCM^ 
T, HexfttfMRlfcSittRbfc, (M4) 
^X^fe/^®&aS/Co90Fel0(3niD)/A l^ft^(2 
nm) /Co90Fel0 (lnm) /Ni82Fel8(6nm) /Ta(3nm) £ V * tffi 
&T*&£«, j£3t&£JitCi;k Fe50Mn50(10nm)SlO : Pt46Mn 
54(25nn)&ffiV\fc. ffr&CtiDC^* h O 2g 
«&J8V*fc. fi^^tiO. 1A, fiTO^ffli2mm 
Torrm A 1 WWfaW&mi. 2 nmCDA 
lKfcflgfi&U IBBfil»«CW£E3B«2*10 [-9] To 
r r©S^^^>^-p I gtCfeV^4* 1 0 [-4] To 
r r CD#*JEtCfc££T*5&0 2 ^AUB^rnS*** 

l£ fia^tC 5 0 0 O e (Dmmmmz^ 2 5 0 
[0063] 

£gS*5^&#H e x^tWVIRJt(|l^$i±5>®^P tM 
n £ F e M n CDl&SCDtiM, 0 ftte^ (nm) ) 
TWKS: Hex :MRi£ (PtMn) :Hex:M 
rit (FeMn) ; 

Ta(3) :420:22:260:12; 
Zr(3) :410:21:250:11; 
W(3) :430:22:240:11; 
Hf (3) :4 20:22:220: 10; 
Y(3) :410:21:180:10; 
Al^fb#J(3) : 4 2 0 : 2 1 : 0 : 0. 4; 
SimtMS) :420:22:0:0. 3; 
Algfl2&(3) : 4 30 : 2 1 : 0 : 0. 3; 
SmitMS) : 4 2 0 : 2 1 : 0 : 0. 4; 
T*8&b :360:17:0:0. 4; 

[0 0 6 4] mzoy*^ ^©s/-;i/F®l b i?ic*«s© 

JlilLTteN i FeWc ^C^tS^^i: UT 
l±, Ta(3nm)/Pt46Mn54(25nm)/Co90Fel0(3niD)/ 
A 1 ^b^(2nni)/Co90Fel0(3niD)/Pt46Hn54(25niD)/Ta(3n 
m)£J§V^ $3&£&tCkk 2 5 0' C. 5 B^CDg&l 
^5:^^)^#i:«ti3^i"'S^rRltC 5 0 0 O e 0>#S# 

jjfltc£ u i x i ^ m<7)*£ $ tcinx LT^^T^m 

oCrPt5:SliU ( ±*>-;i/KJfffcl/CttNiFe 

^KtCtolS.fc^^-r^irtlXU CoCrTaMft 

dttl. 5 /im, $£i&5Mr>y^tt0. 2/im, ^ 
&£*h^y^<ftel. 0^mtbf- D S^ji^yKas 
v>w()vmEf$&<ny* b YWCXMH 5 0 
r, 2^hi>^ 0 
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[0065] z(oxmiz£>)*mtm¥m2Jjftzfa^ 

2 0 0*C, 5 0 0Oe&fW, 1 B£fg<05t^& 

StfStvfcfrofc. «fl«Dfi8»ttH:2. SkOeilbfc. 

#¥f£ffi#tt2. 5mV, S/Ntt2 9dB, ffiffi^3 10 
3ffljftS7-^ft«ilWtt2 3 7 k FC 1, \f*jb 
X7-U-Mil0 [-6] Wraofe. 

[0 0 6 6] 05©*^<B3-*fflR?tC;J3tt*l»5C 

WMM. «©CttAu, ®^itCtiTa(3niD) ilNiFe(lOnm) 
£ ZSWZmm b T h - * ;i/0>@<& £200nmlCL£: 
IR&B^fc. ffi^^t^KilbT^ 20 
Ta (3ma) /Ni82Fel8 (6nm) /Co90FelO (lnm) / 
kim b^(2nm) /Co90FelO (3nm) /Pt46Mn54 (25nm) /Ta (3mn) 

im<Dm£me&'r&tttox. soooe cxm-zmu 

<fc»Jl X 1 AmO^^tCiUXLT^Mfi^^^-i: 
Lfc. y^->ftSn^JBWBPK:«-r*J:^tCCoCr 

tm^v FlZ.tin:&&XfX s 74 ftiOXU CoCrTa 

[0 0 6 7] £cdbi 5 m 

m, S£i&MrVy:Ai0. 2/tm, f&^i&^h^y^ 

(§& l . o n mi: bfco SSi&^y Ff8M>=i>f ;i/ffisf£ 
tfW©7*hi/^h«fiirStt2 5 0T:, 2^i:U 

or-, ^^y \mR.xf$m^v K»ma»7«yc, 2 
oor, soooe^ 1 m^omrnmrnzft-D 

fc. 40 

[0068] zvmm^\z&z&m&&moyfflm 

If&ffi*tt3. OmV, S/N143 5dB, |S£ffl*# 
^5T-^^(MW(i2 7 5 k FC 1, tf^hx 
^-u-M*io [-6] OTtfeof:, M&Mfe&ft 

[0 0 6 9] H6©*-f^«)77y^^ FSB*?*: 
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KS «fctf-L5/-/l/ KCttN i F e £, m&tCliA 
u, &f§tC |*Ta(3nn) ^NiFe(lOnm) £ &£S(C^/i LT 
*;i/tf)J^£ 2 0 0 nmiCl^^V^ ®^ 

Ta(3nm)/Ni82Fel8(6nm) /Co90FelO (lnm) 

/Aimbfll (2nm) /Co90FelO (3nn) /Pt46Mn54 (25nm) /Ta (3n 

m) 

RfcBVtfc ®S£f£&tCte2 5 Or, 5^C0^ra$: 

fflmvfim&tmztzjjftic 5 0 0 o e om^-^w 
{c<t»; 1 x 1 fimo^^jm^i^rm^^mmmj' 

£l,t- 0 rt* - ftfcRaggWC&i-* i: 3 JCC o C 
r Pt fc^UfLfc. 

[0 0 7 0] Z<D^y KfcH7©J:^fci3WS£-#& 
^^FlCSnXfei^^^^inXU CoCrTaH 

**S41. 5 Am, y^ttO. 2 ado, IS 

®ftn>()\&m$»Z>y* b IsVX h«ftlSJi2 5 0 

r, 2BSWi:Ufc. 

[0071] z.<DJMiz&*)*m*m¥mzJ5faz\%i<^ 

7^C 2 0 Or, 500Oe«IW», 1 ^O^^ 

mzt&frvtt. mwmttt\*2. skoeint. 

ttfS£fiJ*ttl. 8mV, S/N(i2 7dB, Kffi^J 

3y458trsv-^ftoaisa»tt2 8 0kFci* t^yh 

x^-U-httlO [-6] JErFC&ofc. WmMV> 

[0072] mzj^m^mm^xmF^tzm^rf^ 

3ft«f^^» K-x&®fC\*y KSESHbI 
Tv>-2> 0 ^WP^ttS 2ifv h©/^9-f>"CSSKdn 

[0 0 7 3] f-f^^oagli4 6mm'efcy, ^-^ 



17 

m&tz 3 n % bubt? 

[0074] 

[03] @3ll ^^>fr^^)I2BI^^-r¥®Wr 

W4] Bi4ti ^wr^m^^gesgfc^^i-^ 

tgWf®0"e&& o 
[05] B| 5 11 3 - * ^^^LiZ >itcWJ&%$t 

tt^fc^&^-r»rffi0T&*. 
[®7] 07 n t&ffi&^v KcD^^-m^T* 

[08] 08 H S^CIB^^^fSO^S:^i-m^0 

[09] 09 n mmmbfm&M- wi-?*^ 

[010] 01 on M»r-h;w^ 

[01 1] 01 1H mmfiffi%M(DM-WV-7Z: 
[01 2] 01 2(1 ®^^S&^<7)R-H;i/-^S: 

[0i3]0i3n mmmh$m(DK-H)\s--j 

[014] 01 4 H ?K^^Sfr^W)R-H;i/-y$: 
[013 
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[01 5] 01 sn ^cm^mmmM^mMm 
io 6-ts/-/i/FM 

7-T®@® 
9-±WW 

i o*"®^^aS&^^ (^^ffih>^;i«^-?) 
i i»«/ur^i 

1 5-T«ffi 

1 6-TMI 
17"'i^8H$Jf 

1 9-±flBHfi 
20 2 1 -±MM 

2 4-TflW 
2 5-»±flW 
2 6"-±«E 

2 7 -»J:S/-/l/ KJB 
4 1 -H&'sy K 
4 2-T^-;i/F/Tm^ 
4 3-_t2/-/l/K/±«ffi 
30 4 5 -mi 

4 6-n>r;i/ 

4 7-±a« 

5 1-T5/-/1/F/T«ffi 
5 2-±S/-;bK/±ftffi 
10 0-ffl»H4MK 



[02] 



P t Mn 



10 ffift&KShSHfc*^ 



9 -tfifcfc 




(11) 
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[03] 



[04] 



[05] 




1- 



•11 «/WT*Jffl 




-11 m'UTXR 
-10 ao&SBailWt** 
-11 «/U7^8 



- WAS/. 



13 



[06] 



[07] 



24^2 




[08] 




[01 5] 













N f Fe 




F e Mn 




100 10 



42 



[09] 



A3 (45) 



(12) 



0 0 0- 76 6 23 



mi 0] 



Ml 1] 



mi 2] 



M 




R 

< \ 



H 



mi 3] 



[014] 

R 



